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Abstract. Cytotoxicity and cytocompatibility of porous gelatin-siloxane hybrids were evaluated due to osteoblastic
cell (MC3T3-E1) proliferation, ALP activity, or their responses to the hybrids and their extracts. The hybrids were
found intoxic, and appropriate incorporation of calcium ions stimulated proliferation and differentiation in vitro.
Cells were seeded into the porous hybrids and the cell morphology was studied. The hybrids involving calcium ions
favored osteoblast growth and differentiation.
Keywords: hybrids, gelatin, siloxane, cell culture, cytotoxicity, cytocompatibility
Introduction
An ideal 3-dimensional scaffold for tissue engineering
may play an important role to manipulate bone cell
functions, to encourage migration of bone cells to de-
fect sites, and to provide a source of inductive factors
to support bone cell differentiation [1, 2]. The gelatin-
siloxane hybrid scaffolds have been previously proved
bioactive and biodegradable; thereby they are expected
to construct a new group of scaffolds appropriate for
bone tissue engineering. The use of osteoblast cultures
is a valuable aid that can allow not only the direct
observation of cell-material interactions but also the
rapid evaluation of cellular phenotype as the biochem-
ical markers [3, 4].
In this paper, the cytotoxicity and the cytocompati-
bility are evaluated based on the osteoblastic cell cul-
tures to investigate the potential of gelatin-siloxane hy-
brid scaffolds for bone tissue engineering.
Experimental
Details of preparation and characterization were de-
scribed in the previous paper [5]. Appropriate amounts
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of 3-(glycidoxypropyl)trimethoxysilane (GPSM) and
Ca(NO3)2 were mixed with a 12.5 mass% solution of
gelatin in 0.1M HCl under stirring at 40◦C. The ob-
tained sols were gelled at 40◦C. Their compositions
were shown in Table 1 and were indicated by:
fG = GPSM/(GPSM + gelatin)
fCa = Ca(NO3)2/(Ca(NO3)2 + GPSM + gelatin)
The obtained wet gels were then soaked in 1M NH4OH
at 40◦C for 16 hours and then kept in a freezing appa-
ratus at −17◦C for 24 hours to freeze. The frozen hy-
brids were transferred from the freezing apparatus to
the freeze-dryer. In order to prepare scaffold F having a
bimodal-pore distribution, freeze-dried porous scaffold
D was soaked again in 1M NH4OH, and subsequently
frozen in liquid N2 (−196◦C) for 2 hours before being
lyophilized.
Two series of cell proliferation experiments were
conducted: in one case, the cells were cultured in
the media containing the extract of the gels, and
in the other, they were cultured in the media in
which the gels were soaked. The former was ex-
amined to evaluate the cytotoxicity of scaffold ex-
tracts whereas the latter was done to evaluate the
cytocompatibility of the scaffolds themselves. The ob-
tained scaffolds were shaped to 10 × 10 × 2 mm, and
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Table 1. Composition, preparation, and pore characteristics of the hybrids as well as the element
concentrations in the extract of scaffolds.
Treatment Tf (◦C)b Extract analysis
Scaffold fGa fCaa 1st 2nd 1st 2nd Pore size (µm) Si(mM) Ca(mM)
A 0.33 0 Amc None −17 None 500–700 28.9 0
B 0.50 0 Am None −17 None 300–500 12.7 0
C 0.67 0 Am None −17 None 200–300 7.4 0
D 0.50 0.11 Am None −17 None 300–500 13.3 2.4
E 0.50 0.56 Am None −17 None 300–500 10.9 18.7
F 0.50 0.11 Am Am −17 −196 300–500 13.6 2.6
5–10
aMass fraction: see text.
bFreezing temperature before drying.
cAm: 1M NH4OH.
ultrasonically cleaned in dry ethanol. Then, each scaf-
fold A through F of 4 g was soaked in 20 ml of distilled
water at 36.5◦C for 5 days. Then, the extract liquid was
cooled to 25◦C. The extract-containing α-MEM media
were prepared by dissolving an appropriate amount of
the α-MEM powder into the extracts, instead of dis-
tilled water for making the normal α-MEM media.
Mouse-originated osteoblastic cell (MC3T3-E1), by
courtesy of Dr. M. Sumita at Materials Research Insti-
tute of Japan, were suspended in the extract-containing
α-MEM where the cell concentration in each well at-
tained to 1.0 × 104 cells/ml. The data were designated
as “extract A” through “F”. The cells were also cultured
on the scaffolds in the normal (extract-free) α-MEM
and in the normal α-MEM media without the scaf-
folds under the same conditions as described above.
The data were denoted as “hybrid A” through “hybrid
F”, and “blank,” respectively. The cells were cultured
up to 7 days at 36.5◦C under atmosphere of 5% CO2
and 95% humidity. After cultured, cell proliferation
and alkaline phosphatase (ALP) activity were evalu-
ated by the common method. Cell-scaffolds interaction
was evaluated by observing the cell proliferation and
cell morphology, from which cytotoxicity of the scaf-
folds themselves was also examined. Scanning elec-
tron microscopy (SEM), Thin Film X-ray diffraction
(TF-XRD) and Fourier transform infrared spectrome-
try (FT-IR) were employed for characterization.
Results
Figure 1 shows the cell proliferation (top) and ALP
activity profile (bottom) for MC3T3-E1 cells cultured
up to 7 days in the media in the presence of the various
extracts derived from soaking the scaffolds. They were
grouped in terms of fCa = 0 (left) and fG = 0.5 (right).
Addition of extract A and B increased ALP activity
with respect to “blank” (p < 0.05) when compared at
3 and 5 days, while addition of extract C suppressed
a little (p < 0.05) for the period longer than 5 days.
A similar trend was found in the proliferation profile:
reduced numbers of cells were found in the media with
extract C after 3 day (p < 0.05). Extract D ( fG = 0.5,
fCa = 0.11) favored the cell proliferation, while extract
of E ( fG = 0.50, fCa = 0.56) was unfavorable. Thus
the order of favoring cell proliferation was: extract D
> extract B ∼ blank > extract E. However, ALP acti-
vity was in the order: extract E > extract D > extract B
( fG = 0.53, fCa = 0) > blank. The fact that extracts
D and F (same in fG and fCa with D, but subject to the
second freeze-dry treatment) gave similar profiles of
proliferation and ALP activity indicated that the extract
from the samples with a bimodal pore distribution did
not affect the cell proliferation and ALP activity.
The ALP activity profiles for the cell culturing in the
presence of hybrids B, E, and F exhibited maxima at 5th
day of culture. The cell proliferation and ALP activity
curves for those cultured on hybrids A, B, C and D were
similar to those in the presence of the corresponding
extract. Since some of the scaffolds contained calcium
ions and α-MEM involved phosphates, one could ex-
pect precipitation of calcium phosphates. Indeed, when
they were impregnated with α-MEM for 1 day hybrids
D, E and F formed many particles rich in Ca and P, con-
firmed by an EDX analysis, but not on Ca-free hybrid B.
The cells cultured on hybrid D ( fG = 0.5, fCa = 0.11)
attached to the surface and extended filopodia within
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Figure 1. Cell proliferation (top) and ALP activity (bottom) for MC3T3-E1 cells cultured in α-MEM media with extracts of scaffolds up to
7 days. They were grouped in terms of fCa = 0 (left) and fG = 0.5 (right), and as blank (without the extracts).
a day. A typical polygonal morphology, characteristic
of osteoblast, was observed in a week where the cells
began to form an interconnecting network. The cell
culture for 2 weeks on hybrid D induced multi-layer
of cells and that Ca-rich globules covered the surface
and collagen-like fibrils attached to the globule. It was
observed that fewer cells grew on Ca-free hybrid B
( fG = 0.5, fCa = 0) than on hybrid D within 3 weeks of
culturing. Moreover, the cells on hybrid B did not yield
either mineralized particles or collagen-like fibrils in
3 weeks. The cells proliferated on hybrid E ( fG = 0.5,
fCa = 0.56) did not show any multi-layer growth nor
extended collagen-like fibrils in 3 weeks, but the
hybrid deposited more calcium phosphate than hybrids
B or D. Thus, it was evident that incorporation of Ca2+
ions enhanced cell proliferation and differentiation on
the gelatin-siloxane hybrid scaffolds.
Figure 2 shows surface morphology of hybrid F with
a bimodal pore structure on which the cells cultured for
3 weeks. A network type multi-layer morphology was
observed, though different from that on hybrid D in
that the collagen-like fibers on hybrid F yielded Ca-
rich globules around them.
Figure 3 shows TF-XRD patterns for hybrids B
through F after cultured with MC3T3-E1 cells for
3 weeks. The pattern of hybrid D treated under the same
conditions without cells was also shown as “D-control”
in Fig. 3. Hybrid D, E, and F had the peaks at about
26◦ and 32◦ attributed to apatite [6]. The IR spectra for
those hybrids had δ(P O) bands at 560 and 605 cm−1
and ν(P O) ones at 1030 and 1100 cm−1 [7]. No such
diffraction or bands were observed for Ca-free hybrid
B. Note D-control treated under the same conditions
as hybrid D but for the presence of the cells did
not deposit apatite. It was thus indicated that an ap-
atite layer deposited on hybrids D, E and F, and that
apatite on D with the cells was derived by the cell
activity.
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Figure 2. The SEM photographs of MC3T3-E1 cells cultured on
scaffold F having a bimodal-pore structure for 3 weeks. Ca-rich glob-
ules attached around the collagen-like fibers. f: collagen-like fibrils
g: Ca-rich globules.
Figure 3. TF-XRD patterns for hybrids B, D, E and F after cultured
with MC3T3-E1 cells for 3 weeks. D-control was that hybrid D
treated under the same conditions without cells. All scaffolds here
had fG = 0.50.
Discussion
The presence of hybrid C ( fG = 0.67, fCa = 0) and
E ( fG = 0.5, fCa = 0.56) in the culuture media with
and without their extracts suppressed MC3T3-E1 cell
proliferation. In the previous experiments [5], hybrids
C and F were degraded faster than D. These facts sug-
gest that a deleterious substance was leached from the
hybrids. In contrast, the presence of hybrid A, B, D
and F as well as their extracts slightly stimulated the
cell proliferation. ALP activity of cells was dramati-
cally promoted by the addition of the Ca2+-containing
scaffolds or their extracts, suggesting that the increase
of Ca2+ concentration in the media played an impor-
tant role in the expression of the osteoblastic phe-
notype in cells. These results are consistent with the
previous studies that high Ca2+ concentration stimu-
lated chemotaxis and proliferation of osteoblast [8–11].
Hybrid F having bimodal-pore distribution provided a
suitable microenvironment for cells proliferation an-
chorage, attachment, growth and migration. It is likely
that osteoblast can recognize the difference in substrate
morphology and respond by altering their morphology
[8–11].
Conclusions
MC3T3-E1 cell culture was used to evaluate the poten-
tial of porous gelatin-siloxane hybrids for scaffolds of
bone tissue engineering. Cell culture demonstrated that
the appropriate incorporation Ca2+ ions stimulated os-
teoblast proliferation and differentiation in vitro. The
morphological feature of scaffolds also affected os-
teoblast proliferation. Ca2+-containing scaffolds D and
F is expected to be suitable substrates for osteoblast
growth and differentiated function.
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